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ABSTRACT

Episodic and semantic memory tasks were administered to patients
with Alzheimer's disease (AD) and patients with nulti-infarct dementia
(MID) . The MID group had multi-focal lesions predominantly in the
subcortical regions.

Episodic memory is recall of events in a

particular temporal-spatial context, whereas semantic memory is
"knewledge" memory regarding words and their associations.
MID qrtxipe were acmparable in terms of level of deanentia.

The AD and
A control

group of healthy elderly subjects was comparable to the dementia groups
in regard to age and years of education.

The experimental measure of

semantic encoding involved presentation of six 14-word lists composed
of exemplarsdrawn from specific semantic categories (e.g.,
vegetables).

Following each list, the subjects were required (1) to

rate on a six-point scale the number of exemplars presented for each
category, and then (2) to perform a two-alternative, forced-choice
recognition (episodic memory) task.

Although the MID patients were

inpaired on the recognition task, this deficit was not as profound as
that seen in the AD patients.

Contrary to predictions, the AD patients

were not markedly insensitive to categorical frequency as compared to
the MID patients, and the measure of semantic processing was correlated
with episodic
the AD group.

memory in the normal control amid MID groups but not in
The results suggest that poor semantic encoding is

insufficient to explain the episodic memory deficits in AD.

v

As life span continues to increase in mo d e m society, the higher
prevalence and incidence of dementia is being recognized as a major
health problem.

Cunmings, Benson, and LoVerme (1980) define dementia

as an acquired persistent inpairment of intellectual function with
ccrpromise in at least three of the following spheres of mental
activity:

language, memory, visuospatial skills, emotion or

personality, and cognition (abstraction, calculation, judgment, etc.).
It is estimated that an average of 4.6 percent of persons over age 65
have severe dementia, while just over 10 percent have mild to moderate
dementia (Katzman, 1976; Mortimer, Schuman, & French, 1981).
is a markedly age-dependent disorder.

Dementia

Although reliable estimates of

the prevalence of dementia among persons under age 65 are difficult to
obtain, this condition is relatively infrequent in the younger
population (Mortimer, 1983) .

Each year approximately 1 percent of

those over the age 65 develop dementia, and there is a marked increase
in prevalence between age 70 and 85.

By age 80, the probability of a

person developing severe dementia is 15 to 20 percent (Mortimer et al.,
1981).

Hie most cannon cause of dementia is Alzheimer's disease (AD),

which accounts for 50 to 60 percent of dementia cases (Katzman, 1986).
Vascular disease, including multi-infarct dementia (MID) and lacunar
states, is the second most cannon cause of dementia, accounting for 10
to 20 percent of the cases.
Alzheimer's disease:

Pathological and clinical aspects

The neuropathological hallmarks of AD are neurofibrillary tangles
and neuritic plaques.

Neurofibrillary tangles are abnormal nerve cells

in which the cytoplasm is filled with bundles of sutmicrosocpic
1
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filamentous structures that are wound around each other in a helical
fashion (Wisniewski, Narang, & Terry, 1976) . A neuritic plaque is
corposed of a cluster of degenerating nerve terminals, both dendritic
and axonal, surrounding a core of amyloid protein (Wisniewski & Iqbal,
1980) . Although these changes occur in the aging brain unaccompanied
by dementia, they are more abundant in the brains of demented patients
(Tomlinson, 1977).

Neuritic plaques are particularly dense in the

neocortex of demented patients, while the tangles have a predilection
for the hippocanpus.

Tangles in the neocortex occur almost exclusively

in demented patients, and are not found in the neooortex of normal
elderly (Terry & Katzman, 1983) . The density of plaques in the cortex
of AD patients at autopsy is highly correlated with the severity of
dementia during life (Blessed, Tomlinson, & Roth, 1968).

Biopsy

measures of plaque density have also been reported to correlate highly
with cognitive deficits (Martir. et al., 1987).

Other pathological

changes in AD include the presence of amyloid (a waxy, starchlike
substanoe) in seme cerebral and meningeal blood vessels, and
granulcrvacuolar bodies which are found within the cytoplasm of
hippocampal pyramidal cells (Katzman, 1986).
The plaques and tangles are not uniformly distributed throughout
the brain in AD, tending to occur more frequently in cortical
association areas, particularly in the parietal-temporal region (Brun,
1983; Rearson, Esiri, Hioms, Wiloock, & Rowell, 1985; Terry & Katzman,
1983).

Primary sensory and motor areas are relatively spared.

These

postmortan findings of greater involvement of association areas is
supported by studies using positron emission tomography.

For exairple,

Benson (1982) and Foster et al. (1984) found reduced cerebral metabolic
activity in the postenotesiporal, parietal, and frontal association
cortices, with normal or only slightly diminished activity in other
cortical areas as well as in most subcortical structures.
Alzheimer’s disease is classically considered a "cortical dementia"
which refers to the pattern of cognitive deficits attributed to
pathology in the aerebral cortex.

While areas of subcortical pathology

are also reported in AD, the most striking neuropathological changes
are in the association cortices.

The subcortical regions that are

involved include the hippocanpus, entorhinal cortex, and amygdala.
Neuronal loss in these regions serves to disrupt input and output to
the hippocanpus (Hyman, Van Hoesen, Damasio, & Barnes, 1984).

The

nucleus basal is of Meynert (nbM), a population of basal forebrain
neurons, has been reported to undergo selective degeneration in AD
patients (Whitehouse et al., 1982).

The neurons of the nbM cure a major

source of extrinsic cholinergic innervation to the cortex and
hippocanpus (Coyle, Price, & De Long, 1983) , and their loss may be
related to the presynaptic neurochemical abnorrrttl ities seen in the
cortex of AD patients.
Alzheimer's disease presents clinically as a syndrome of steadily
progressive intellectual deterioration.

Hie course of the disease

follows a characteristic evolution (Cunnings & Benson, 1983).

Memory

impairment is the most frequent initial symptom, often associated with
language and constructional disturbances.

These deficits are followed

by a stage of aphasia, apraxia, and agnosia.

Personality is relatively

preserved and motor abnormalities do not appear until the final stages
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of the disease.

The initial memory impairment is usually attributed to

pathology and neurochemical changes in the hippocaipus and neocortex
(Ball et al., 1985; PBarscn et al., 1985).

The manifestations of

aphasia, apraxia, and agnosia are regarded as signs of further cortical
involvement (Cunnings & Benson, 1983).
Multi-infarct dementia:

Pathological and clinical aspects

Multi-infarct dementia (MID), the second leading cause of dementia,
represents a potentially treatable disorder.

Although the cognitive

deficits resulting frcm MID are not reversible, accurate diagnosis is
necessary in order to initiate drug therapy so that further infarcts
may be avoided.
AD.

However, MID is often difficult to differentiate from

A major problem in studying the clinical aspects of this disorder

is the wide variation in location of infarctions.
cortical or subcortical areas, or both.

Infarcts nay affect

Disorders with primarily

subcortical involvement include the lacunar state, Binswanger disease,
and milti-focal leukoenoephalopathy.
The lacunar state is characterized by small, deep ischemic
infarcts, predominantly found in the basal ganglia, thalamus, and
internal capsule (De Reuck & Vander Eecken, 1976).

Dementia occurs in

70 to 80 percent of patients diagnosed with the lacunar state (Cunnings
& Benson, 1983).
not well defined.

However, the features of dementia are variable and
Binswanger disease, also known as subcortical

arteriosclerotic encephalopathy, closely resembles the lacunar state.
Hcwever, the infarctions are predominantly found in the cerebral
hemispheric white matter, and there is an accompanying demyel ination
(Olszewski, 1962).

Erkinjuntti et al. (1984) suggest that a stepwise

progression of dementia is characteristic of the lacunar state, while
more even progression is evident in Binswanger disease.

Olszewski

(1962) described another form of HID resulting from deep hemispheric
infarctions, multi-focal leukoenoephalcpathy.

The arteriosclerotic

changes in this disorder are similar to those found in Binswanger
disease, however, the small, discrete infarcts are fcund primarily in
the periventricular and centrum semi ovale regions (Kinkel, Jacobs,
Polachini, Bates, & Heffner, 1985).

These authors suggest that the

dementia associated with multi-focal 1eukoencepha1apathy is
predominantly of the subcortical type, characterized by memory
inpairment and an absence of significant language deficits.
Review of memory in amnesia and dementia
Memory impairment is the initial and most prcminent synptcm of
dementia.

Over the last century, experimental psychologists have

categorized memory into separate components or processes.

Clinical

studies of amnesia have provided evidence that memory is comprised of
number of functionally distinct processes that cure dependent on the
integrity of specific brain regions.

The amnesic syndromes are

characterized by severe memory impairment and otherwise intact
cognitive functions.

Amnesia nay result from a number of conditions,

such as temporal lobe surgery, chronic alcohol abuse, head injury,
encephalitis, tumor, anoxia, or cerebral vascular accident.
C*aal itative aspects of the memory deficit may differ according to the
site of the pathology (Squire, 1982).

These observations inply that

the different patterns of memory impairment in amnesic syndromes are
due to involvement of different ccnponent memory processes and that
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these processes are normally served by the particular brain region that
is danaged.
Experimental psychologists have long distinguished between a
primary (or "short-term") memory store of very limited capacity and a
secondary (or "long-term") memory store of much greater capacity
(Baddeley, 1984) .

Proponents of information-processing models of

memory (Atkinson & Shiffrin, 1968; Glanzer, 1972; Murdock, 1972) have
used the labels "short-term" and "long-term" memory to refer to the
theoretical repositories of information in memory.

In the literature,

hcwever, considerable ambiguity surrounds these terms.

For exanple,

"short-term memory" may refer to an experimental situation or to the
underlying mechanism which nay be responsible for sane, though not
necessarily all, of what is recalled in such a situation (Baddeley,
1976).

In order to avoid confusion, Waugh and Norman (1965) suggested

the use of the less ambiguous terms of "primary memory" and "secondary
memory".
Research with amnesic patients has provided considerable evidence
for the existence of multiple memory systems.

The most frequently

studied amnesic disorder is Korsakoff's syndrome.

This disease

develops after chronic alcohol abuse and consequent vitamin deficiency
(Brierley, 1977).

Korsakoff's syndrome produces a variety of cognitive

deficits, but amnesia occurs out of proportion to other
neuropsychological findings.

In this disease, pathology is

concentrated in the diencephalon, particularly in the dorsomedial
thalamus and manriillary bodies (Brierley, 1977; victor, Adams, &
Collins, 1971).
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In addition to the dienoephalon, damage to the medial temporal
lobes, including the hippocanpus, has been observed to cause amnesia.
Medial temporal amnesia is best illustrated by the nest thoroughly
studied case of H.M. (Sooville & Milner, 1957).

In 1953, H.M.

sustained bilateral resection of the medial temporal region in an
effort to relieve severe and intractable epilepsy.

The resection

included the anterior two-thirds of the hippocanpus, parahippocanpal
gyrus, amygdala, and uncus.

Following surgery, H.M. had a profound

amnesic syndrome in the absence of any detectable change in general
intellectual ability.
Primary memory.

Primary memory appears to serve the purpose of

acquiring and briefly retaining new information (Waugh & Norman, 1965).
Infornation frcri the senses is briefly held in prinary memory, then is
displaced by new items and permanently lost.

However, rehearsal of

items enables various coding processes to occur, which store the items
in secondary or "long-term" memory, which is a relatively permanent
store with unlimited capacity.
A characteristic feature of primary memory is its limited capacity,
that is, the limited amount of material that can be remembered for
short periods (Baddeley, 1976).

Another feature of primary memory is

the rapid rate of forgetting over short intervals during which the
subject is distracted by a subsidiary task, such as the Brown-Peterson
procedure (Brown, 1958; Peterson & Peterson, 1959).

Primary memory

requires continuous attention, not only when material is encoded or
recalled ixrt also during retention.

Measures of primary memory

typically include the recency caxponent of free recall, memory span,
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and the Brown-Feterson task.
The Brown-Peterson procedure assesses the loss of memories
frcm the primary manory store ("short-term forgetting").

In this

procedure, the subject is presented with a quantity of information
which is well within digit or word span limits (e.g., three consonants
or cannon words) . The subject's retention of that naterial is measured
over varying intervals of up to about 20 seconds, during which time the
subject performs a distractor task, such as counting backwards frcm a
three-digit number.

Since the distractor task is intended bo prevent

rehearsal, any decrease in recall with increasing distraction interval
is taken to reflect a loss of information frcm primary memory.
Hcwever, the Brown-Peterson task has been criticized for not solely
measuring primary memory (Baddeley, 1976) . The task is quite oorplex,
and comprises a large secondary memory octrponent at the longer
retention intervals.
Another technique that has been used in studies of memory in
amnesia and dementia and that allows a clearly separable prinary memory
component is free recall.

In this procedure, the subject is presented

with a serial, supra-span list of words, and instructed to recall as
many words as possible, in any order, umtediately following the last
presented word.

When probability of recall is plotted against the

serial position of the item in the list, normal individuals demonstrate
a U-shaped curve in which the first few words and the last few words of
the list are recalled better than the words presented in the middle of
the list.

Glanzer and cunitz (1966) suggested that recall of the last

few words, knewn as the recency effect, reflects short-term or primary
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memory.

Words recalled from the beginning of the list, called the

primacy effect, are presumed to reflect material which has passed into
secondary or long-term storage via rehearsal and other active encoding
processes.

Tulving and Col at la (1970) described a procedure for

evaluating free recall data which takes into account both serial
position of the word at presentation and at recall.

In this procedure,

each word which is recalled with less than seven intervening items
between presentation and recall is assumed to have been retrieved frcm
primary memory.

The remaining recalled words are believed to have been

retrieved frcm secondary memory.
Memory span is typically measured by the immediate recall
of digits, such as the Digits Forward component of the Digit Span
subtest of the Wechsler Adult Intelligence Scale-Revised (Wechsler,
1981).

Similarly, word span is measured by immediate serial recall of

ccrmon words (Miller, 1973).

The Oorsi block test is a spatial

analogue of the verbal span tests (Milner, 1971) .
cubes fastened in random order to a board.

It consists of nine

The examiner taps the

blocks in a prearranged sequence, and the subject attempts to copy the
tapping pattern.
Although patients with Korsakoff's syndrome are inpaired in the
establishment of new memories, primary memory is relatively preserved.
Digit spans of Korsakoff patients are often reported to be within the
normal range (Cermak Si Butters, 1973; Kbpelman, 1985).

However,

results of studies using other measures of primary memory are
inconsistent.

For exairple, various studies using the Brown-Peterson

("short-term forgetting") procedure with Korsakoff patients have
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demonstrated abnormally fast forgetting in these patients (Cermak,
Butters, & Goodglass, 1971; Kinsbourne & Wood, 1975).

Other authors

have reported no differences between Korsakoff patients and control
subjects on the Brcxxn-Ftetersan task (Baddeley & Warrington, 1970;
Kcpelman, 1985; Warrington, 1982).

The study by Baddeley and

Warrington (1970) also used a free recall procedure, and found that the
recency portion of the serial position curve is normal in Korsakoff
patients.

However, other investigators have claimed that the recency

component is slightly steeper in these patients, and have suggested
that it reflects a mild deficit in primary memory (Cermak, Naus, &
Reale, 1976; Kinsboume & Wood, 1975; F&rkinson, 1982).

In atterrpting

to explain these discrepant findings, Warrington (1982) suggested that
when poor performances are reported for Korsakoff patients on measures
of primary memory, they may be attributed to more diffuse cerebral
pathology.
Assessment of primary memory in the patient H.M. revealed that he
was able to hold information in prinary memory through continuous
rehearsal (Milner, 1970).

In the absence of distraction, he was

able to retain a three-digit number for about 15 minutes, apparently by
working out elaborate mnemonic schemes.

However, the slightest

distraction had a disastrous effect upon any attempt to retain new
information.

Drachman and Arbit (1966) studied five patients,

including H.M., who had bilateral hippocanpal lesions.

The authors

reported digit spans of similar length to their normal control group.
Unlike patients with amnesia, AD patients are consistently inpaired
cxi measures of primary memory.

Many, but not all, studies with AD
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patients report inpaired recall of the last few items in free recall
procedures.

For exairple, Miller (1971) reported that demented patients

had poorer recall across all serial word positions as compared to
control subjects.

The impaired recall of words at the end of the list

reflected the abnormally rapid loss frcm prinary memory.

Two studies

have used the Tulving and Colotla (1970) method of scoring, in which
items recalled frcm a word list with less than seven items intervening
between presentation and recall are assumed to have been retrieved from
primary memory and the remaining frcm secondary memory.

One study

(Wilson, Buoon, Fox, & Kaszniak, 1983) found a moderate decrease in the
primary memory ocrponent of free recall, contrasting with a more
substantial decrease in the secondary memory component.

These

investigators further showed that the size of the patients' primary
memory deficit correlated with inpairment in secondary memory.

The

other study using the Tulving and Colotla (1970) method of scoring with
AD patients found a moderate decrease in both the primary and secondary
memory oarponents (Martin, Brouwers, Cox, & Fedio, 1985).
Studies measuring digit span in AD patients typically report a
moderate reduction (Kaszniak, Garron, & Pox, 1979; Kopelman, 1985).
Immediate serial recall of letters (Morris, 1984) and words (Corkin,
1982; Miller, 1973; Morris, 1984) are also uniformly down in AD
patients.

Substantial deficits are reported in studies using the

Brown-Deterson procedure with AD patients (Kopelman, 1985; Morris,
1986).

Gorkin (1982) compared the performance of five amnesic patients

including H.M. with AD patients and normal controls on measures of
primary memory.

She reported that, in general, patients with AD were
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wore impaired on primary memory tasks (digit span, block span,
Brown-Peterson procedure) than were the armesic patients.

In the AD

group, performance on digit span and block span was roughly correlated
with the severity of dementia.

Kopelman (1985) investigated primary

memory in AD and Korsakoff patients and found similar results:

AD

patients were inpaired on digit span and the Brown-Peterson procedure
ccnpared to the Korsakoff patients.
Secondary memory. Secondary or long-term memory is viewed as a
relatively permanent repository of newly learned information with,
theoretically, unlimited capacity.

With rehearsal and various active

encoding processes (Craik, 1979}, information held in primary memory
enters into secondary memory.
to assess secondary memory.

A variety of procedures have been used
Recall of material presented in verbal

learning tasks has been considered to reflect secondary memory since
the word lists that have been used are longer than presumed primary
memory capacity.
Three techniques have been most frequently used in secondary memory
paradigms:
recall.

paired-associate learning, serial learning, and free

In paired-associate learning, the subject is presented with a

series of word pairs (e.g., cabbage - pen) and is required to learn to
associate the second word with the first.

During recall, the subject

is presented with the initial word of each pair and is asked for the
associate.

Multiple trials are given in order to assess the subjects'

ability to learn.

The word-pairs and stimulus words for recall cure not

presented in the same order frcm trial to trial, thus requiring the
subject to learn the pairings and not the order of presentation.
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In serial learning tasks, the order of a word list presentation
must be learned rather than associative units.

In this paradigm, the

subject is presented with a list of materials (e.g., 12 words) and is
required to recall the items in serial order.

In free recall

paradigms, the subject is presented with a list of materials, and items
may be recalled in any order.

Because subjects are not required to

recall the words in order as in the serial learning task, recall of the
last few items (the recency effect) is believed to reflect primary
memory, whereas items recalled frcm the beginning of the list are
presumed to reflect material which has passed into secondary memory
(Glanzer & Cunitz, 1966).
Measures of retention may include recognition procedures besides
the recall tests described above.

A recognition test differs frcm a

recall test in that it provides the correct response among alternative
responses.

Thus, instead of trying to recall the responses, the

patient is provided a set of responses from which to choose.

Such

paradigms involve the forced choice recognition of mixed target and
distractor stimuli following target stimulus presentation.

An

advantage of recognition tasks is that they are not as prone as are
recall tasks to "floor" effects in examining more severely impaired
patients (Kaszniak, 1986).
In Korsakoff's syndrcme, anterograde amnesia is the most striking
feature of the disorder.

These patients are unable to learn new verbal

and nonverbal information from the time of the onset of their illness.
The severe anterograde problem is demonstrated experimentally by the
difficulty Korsakoff patients have in learning lists of
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paired-associates (e.g., Butters & aermak, 1980; Cohen & Squire, 1981).
Ryan, Butters, Montgomery, Adinolfi, and Didario (1980) oarrpared
alcoholic Korsakoff patients, long-term alcoholics, and normal control
subjects in their ability to learn a list of 10 word-pairs.

Although

the long-term alcoholics were irrpaired ocepared to the normal control
group, both groups evidenced learning over eight test trials.

However,

the alcoholic Korsakoff patients demonstrated virtually no learning
during the eight trials.

Baddeley and Warrington (1970) presented

Korsakoff patients with a sequence of 10 unrelated words for free
recall.

These patients had grossly inpaired recall performance for the

primacy component of the list.
Milner (1959) demonstrated that when the hippocanpus is damaged or
destroyed bilaterally, the patient becomes unable to learn or remember
any new information.

Sooville and Milner (1957) reported deficits on

tests of verbal and nonverbal retention.
Studies that have attempted to characterize the memory impairment
in AD generally agree that, while frequently their primary memory is
impaired, secondary memory is more severely affected (Ober, Koss,
Friedland, & Delis, 1985; Weingartner et al., 1981; Wilson, Bacon, Fox,
& Kaszniak, 1983).

AD patients typically show deficits in free recall,

paired associate learning, and verbal recognition (Corkin, 1982;
Kaszniak et al., 1979; Kopelman, 1985; Martin et al., 1985; Miller,
1971, 1975, 1977; Wilson, Bacon, Kramer, Fox, & Kaszniak, 1983).
Weingartner et al. (1981) investigated the secondary memory
deficits of demented patients using a series of laboratory tests
of memory and learning.

Procedures in this study included serial
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learning and selective rescinding. in the serial learning task,
subjects were presented with 12 unrelated, ocranonly occurring
words and were required to recall the words in their correct list
ordering.

After attain ing serial reproduction of the list, the

subject was presented with the same list in the same order and again
attempted serial order recall.

In the selective reminding procedure,

subjects were presented 14 semantically unrelated carrion words for free
recall.

After an attempt at recall of the 14 words, the subjects were

selectively reminded of those words not recalled on the previous trial.
The selective presentation of words and tests of recall was
discontinued after 10 trials or when subjects could recall all 14 words
in any order.

Results of the serial learning and selective remirding

procedures demonstrated that the perfornanoe of demented patients did
not inprwe during ten presentations of the same words.

The demented

patients also had deficits on tests of recall of related and unrelated
words.

The authors suggested that these findings demonstrate that

demented patients cannot take advantage of the attributes of stimuli
that ordinarily are used in the encoding of events.

Encoding (and thus

learning or recall) is not facilitated by repeating information,
repeating forgotten information, providing sequential organization, or
presenting stimuli that are semantically related.

These factors

reliably influence learning and memory in normal subjects.
Semantic memory. Contemporary memory theorists have divided
secondary memory into two theoretical corponents, episodic and semantic
memory (Tulving, 1972).

Episodic memory is defined as an

autobiographical record of specific events in an individual's
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experience, encoded in terms of a particular temporal-spatial context.
These memories are elicited by questions cf the where-when-who type
that specify content.

Semantic memory, in contrast, is a thesaurus of

organized knowledge regarding words, concepts, and their associations,
and the rules for manipulating these symbols and concepts.

Semantic

memory involves relatively context-free information, and is concerned
with the knowledge necessary for the use of language and in particular,
with the storage of and access to, the meaning of vrords.
Although Tulving (1972) hypothesized an independence of episodic
and semantic memory systems, other authors have suggested an
interdependence.

For exairple, Craik and Jacoby (1975) suggested that

environmental stimuli are first processed in the perceptual-cognitive
system or semantic memory, and the products of these operations and
resulting encoding simultaneously form an addition to episodic memory.
Other research suggests that when semantic encoding is induced
experimentally, it gives rise to a relatively stable memory trace,
which may thus be designated as being in secondary memory (Craik &
Levy, 1976).

Although the episodic-semantic dichotomy has been

criticized for inadequate

distinguishing features that separate the

two memory systems in a clear, testable fashion (McKoon, Ratliff, &
Dell, 1986), the distinction still provides a useful heuristic for
investigating descriptively different types of memory.
Episodic memory is involved in the traditional tests of secondary
memory, such as the learning of word lists and paired-associates, as
these measures require recall of events associated with a particular
temporal and/or spatial context.

While measures of primary memory,
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such as the recency effect of free recall and the Brown-Peterson
paradigm, involve recall of discrete events, the term episodic memory
is limited to information in secondary memory.
A wide variety of measures have been used to assess sernant ic
memory.

Semantic priming procedures are frequently used.

In a

semantic priming task, the amount of time required to recognize a
stimulus is compared for conditions in which the preceding stimulus is
semantically related or unrelated to the item being processed.

Any

decrease in the amount of processing time frcm the unrelated to the
related condition is assumed to reflect facilitation produced by the
spread of activation through the network of semantic concepts.

Another

measure used to assess semantic memory structures is the
sentenoe-ocnpletion task.

In this procedure, the subject is presented

with a brief sentence stem in which the final word is missing.
context of the sentence may be varied for the degree
constraint.

The

ofselection

For exarrpie, "The wet clothes were hungout to _______

provides greater constraint than "We went to see the famous

11
."

Both young and older normal individuals take longer to complete the
less structured sentences (Cohen & Faulkner, 1983).
Measures of "semantic retrieval" require the namingof items from a
given category as quickly as possible.

Commonly used semantic

retrieval tasks include the letter category task, the semantic category
task, and the supermarket task.

The letter category task requires the

subject to generate vrords beginning with a given letter for a certain
period of time, usually 60 seconds (Borkowski, Benton, & Spreen, 1967).
The semantic category task requires the subject to generate words frcm
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a given semantic category such as "animals".

Standardized aphasia

batteries include the semantic category task as part of their
assessment of expressive language abilities (e.g., Goodglass & Kaplan,
1983).

The supermarket task requires the subject to name items found

in a supermarket within a specified time limit (Mattis, 1976).
Attempts have been nade to differentiate episodic frcm semantic
memory in the amnesic syndrcmes.

Amnesics are typically quite able to

use language, and their general knowledge is intact; however, they are
unable to recall what they had for breakfast, what hospital they are
in, or how long they have been there

(Baddeley, 1982).

Kinsboume and

Wood (1975) were among the first investigators to suggest that amnesics
have an intact semantic memory in the presence of a dramatic impairment
in episodic memory.

These authors provided the exanple of amnesics who

are able to define the word "flag" and know that flags are flown in
parades, yet are unable to recall specific events involving a flag.
Several studies have reported that Korsakoff patients, like normal
controls, recall more words when cued by category as oonpared to free
recall (e.g., Cermak, Butters, & Gerrein, 1973; Warrington &
Weiskrantz, 1971).

In the cued condition, patients were instructed to

recall words category by category.

The results of these studies

suggest that while Korsakoff patients might be capable of semantic
encoding, these patients only make use of semantic encoding strategies
when they are instructed to do so.

Cermak et al. (1973) also used a

modified paired-associate paradigm in that, if the subject was unable
to recall the second item of a word-pair, he/she was prwided with an
associate of that item to aid recall.

The authors reported that
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although normal subjects recalled more words them the Korsakoff
patients without cueing, both groups benefited equally under the cued
condition.

These results also provide evidence that Korsakoff patients

are capable of encoding semantic information, however, they fail to
spontaneously encode the semantic features of words on their own.
The dichotomy between episodic and semantic memory has also been
used to differentiate the impairments of amnesic and demented patients
(Weingartner, Grafman, Boutelle, Kaye, & Martin, 1983).

Both amnesic

and demented patients cure impaired in the acquisition and recall of
material associated with particular temporal and/or spatial contexts
(i.e., episodic memory), however, only dsnented patients are severely
impaired in recalling general knowledge such as rules of grammar and
multiplication rules (i.e., semantic memory).

Weingartner et al.

(1983) compared the performances of alcoholic Korsakoff patients and
demented patients on both episodic (e.g., verbal list learning) and
semantic (e.g., sentence completion, verbal fluency) memory tasks.
Both the Korsakoff and demented patients were severely impaired in the
acquisition of word lists and the immediate recall of short passages,
whereas only the demented patients evidenced severe deficits in the
completion of structured sentences and on letter and category fluency
tasks.
In AD prominent language deficits typically do not occur until the
more advanced stages of the disease.

However, mild AD patients are

impaired on "verbal fluency" or "semantic retrieval" tasks.

For

example, Rosen (1980) reported deficits in verbal fluency on two
different tasks (naming animals and words beginning with specified
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letters) for patients with mild AD, and more severe impairment in
patients with moderate-to-severe dementia.

Using similar fluency

tasks, Ober, Dronkers, Kbss, Delis, and Friedland (1986) demonstrated
semantic retrieval performanoe to be highly sensitive to both the
presence and the severity of AD.

Performanoe on semantic memory tasks

is also correlated with plaque density in biopsied tissue sairples
(Martin et al., 1987).

Impairment an such tasks has been attributed by

Warrington (1975) and Martin and Fedio (1983) to disruptions in
semantic memory.

Weingartner et al. (1981) suggested that the degree

of impairment on semantic memory tasks in AD is predictive of
impairment on tasks of secondary (episodic) memory.

Thus, it may be

possible to relate the secondary (episodic) memory deficit of AD to an
inability to access knowledge structures in semantic memory.
Research assessing semantic memory in AD is controversial regarding
whether semantic structures are disrupted, or whether structures are
intact and access is iirpained.

Research in this area attempts to

elucidate the nature of the memory impairment in AD as well as the
pathological progression of the disease.

Several investigators have

suggested that semantic memory structures are inpaired in AD (e.g.,
Martin & Fedio, 1983; Ober et al., 1986).

Hcwever, Nebes, Martin, and

Horn (1984) suggested that semantic memory structures may remain intact
in AD.

This study showed that AD patients and normal controls

benefited equally from a semantic-priming procedure.

The authors

suggested that AD patients can access and utilize semantic information
only in situations that make minimal demands on their attentional
capacity.

In light of these findings it would appear that the naming
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and fluency deficits in AD are due to an inability to access semantic
memory despite intact structures.

Access to semantic memory, as

measured by naming and fluency tasks, has been correlated with measures
of secondary (episodic) memory.

For example, Ober et al. (1986)

reported significant correlations among measures of semantic retrieval,
naming, and verbal memory.

Weingartner et al, (1981) found high

correlations between verbal fluency tests and measures of recall of
related and unrelated words as well as prcrpted recall.

Thus, these

studies suggest that the secondary (episodic) memory deficits in AD
may be due, in part, to an inability to access semantic memory.
In surrrary, primary memory is characterized by limited capacity and
requires constant attention to prevent forgetting.

Information in

primary memory enters secondary memory through rehearsal and other
encoding operations and nay be recalled even after distraction.
Episodic memory refers to the store of events within a specific
temporal -spatial context; it is measured by traditional tests of
secondary memory.

Semantic memory refers to acquired knowledge that is

contextually independent; it has been measured by a variety of
techniques including ssnantic retrieval tasks, sentence completion, and
semantic-priming tasks.
patients.

Primary memory is consistently impaired in AD

In contrast, primary memory is relatively intact in patients

with hippocanpal lesions, and is generally not impaired, or only mildly
impaired, in patients with Korsakoff's syndrome.

Secondary memory,

however, is typically severely impaired in all three patient groups.
Sinoe limbic regions are involved in these disorders, at least a
portion of the deficits in secondary memory and verbal learning may be
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attributed to hippocanpal dysfunction.

However, the impairment in

primary memory in AD and some Korsakoff patients appears to be related
to more diffuse cortical damage.

Cortical involvement is also

implicated in semantic memory.

The depth-of-processing paradigm appears to provide a direct test
of the hypothesis that impaired secondary (episodic) memory is due to
poor access to semantic memory structures.

In the depth-of-processing

paradigm, Craik and Lockhart (1972) suggested that incoming stimuli are
analyzed to various "depths" depending on what type of response is
required.

The persistence of the memory trace is a function of the

depth to which the stimulus has been analyzed.
subjects are presented with a list of words.

In such paradigms,
Prior to the presentation

of each word, the subject is asked a question about the word.

Shallow

encodings may be achieved by asking questions about the physical
structure of the word (e.g., "Is the word printed in capital
letters?").

Intermediate levels of encoding nay be accomplished by

asking questions about the phonemic characteristics of the word (e.g.,
"Does the word rhyme with TT*AIN?") .

Lastly, deeper levels are induced

by asking questions requiring semantic analysis of the word (e.g., "Is
the word an animal name?").

In general, deeper levels of analysis are

associated with more durable memory traces and superior performance on
subsequent memory tests for the words.
Two studies have used the depth-of-processing paradigm in AD.
One study (Martin et al., 1985) attempted to assess whether AD patients
would benefit from semantic encoding.

Patients were presented with
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word lists and tested under free recall and three cued conditions.

The

patients were cued with either a rhyme, a word indicating where the
object could be found, or a pantomime movement.

The authors found no

difference between recall under free encoding versus recall under the
semantic encoding conditions. The authors also reported no interaction
among the different encoding conditions and subject type (AD versus
control).

The other study (Corkin, 1982) found a main effect of

orienting question and an interaction such that AD patients were less
able to take advantage of semantic orienting questions.

These

conflicting results shed little light on the relationship between
episodic and semantic memory in AD.

Further, it is not clear what

results one might expect with this paradigm.

Thus, if semantic

structure is intact but not accessed appropriately, orienting questions
specifically designed to access semantic memory might be expected to
differentially benefit AD patients.

Alternatively, one might argue

that access to semantic memory is so inpaired that AD patients would be
less able to benefit from semantic orienting questions.

Rationale for the present study
In regard to multi-infarct dementia (HID), memory performance
continues to be a relatively unexplored area of study due to the
heterogeneity of this group.

Several authors (e.g., Erkinjuntti et

al., 1984; Goto, Ishii, & Fukasawa, 1981) report memory deficits in
MID.

The exact nature of memory disturbance in these patients,

hcwever, is not specified.

For the present study, MID cases will be

restricted to those with multi-focal suboortical lesions. The
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literature on suboortical dementia {e.g., Cunnings, 1986; Huber,
Shuttleworth, Paulsen, Be11chambers, & Clapp, 1986) suggests that
these patients have a secondary (episodic) msnory deficit, although
perhaps not as severe as that seen in AD.

In contrast, several lines

of research suggest that semantic memory is intact in MID.

Semantic

memory, which is concerned with the storage of, and access to, the
meaning of words, is necessary for the use of language.

The inportance

of the neocortex in the mediation of both the receptive and expressive
aspects of language is widely documented (e.g., Geschwind, 1979).

More

significantly, there is evidence from clinical studies of humans with
focal cortical injuries that semantic storage systems can be
selectively damaged find are consequently seen as anatomically as well
as functionally distinct frcm episodic memory systems (e.g.,
Warrington, 1975).

Ooughlan and Warrington (1978) attributed deficits

in word-oenprehension and word-retrieval to impairment of semantic
memory processes, and emphasized the role of the left tenporal
neocortex.

Kinsboume and Wood (1975) proposed a distinction between

episodic and semantic memory on anatomical grounds, such that
suboortical areas, which are selectively damaged in amnesia syndrcmes,
mediate episodic memory; cortical regions, which are selectively
damaged in the aphasias and agnosias, mediate semantic memory.

Using

regional cerebral blood flow measurements that are sensitive to
cortical but not suboortical activity, Wood, Taylor, Penny, & Stunp
(1980) found increased activation in the left hemisphere for a semantic
classification task but not a recognition task.

Since the cortical

association areas, that are responsible for carp lex linguistic and
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semantic analyses, axe spared in MID, semantic memory should be intact
in these patients.

Therefore, MID with exclusively suboortical

pathology is a theoretically and clinically meaningful control group to
contrast with the cortical dementia of AD on semantic memory and its
role in episodic memory.
The present investigation was designed to evaluate the hypothesis
that unpaired secondary (episodic) memory in AD is due in part to an
inability to access semantic structures.

The experimental task

involved word lists ccrposed of exenplars drawn from specific semantic
categories (e.g., vegetables). The number of exemplars per category
and the typicality of each exemplar (Battig & Montague, 1969) was
systematically varied.

Following the list presentation, subjects were

asked to 1) rate on a six-point scale the number of exemplars presented
for each category, 2) and then to perform a two-alternative,
forced-choice, recognition task.

In addition, measures of visual

confrontation naming and category fluency were obtained.

The

hypotheses were that AD patients would be markedly insensitive to the
semantic features of to-be-remembered information, while MID patients
wculd be as sensitive as normal controls.

Furthermore, the performance

of the normal control group on the secondary (episodic) memory task was
expected to be higher them that of the MID group, which in turn would
be higher than that of the AD group.

The measures of senantic

processing and episodic memory were expected to be more highly
correlated in the AD group than were those in the MID and normal
control groups.

The findings were expected to clarify the nature of

the memory deficits in these two types of dementia.

Method
Subjects
The sarrple oonsisted of 15 AD patients and 13 MID patients.

All

patients had a history of progressive cognitive decline with onset
after age 40.

The patients received a physical and neurological

examination by a neurologist and a neuroradiological examination
(Ocnputed Tonography, Magnetic Resonance Inaging, or both). The
patients underwent a series of standard laboratory procedures (e.g.,
carpiete blood counts, blood chemistries) designed to rule out various
toxic or metabolic disturbances (Kaszniak et al., 1978).

None of the

patients were taking anxiolytic or antidepressant medications.
the 13 MID patients was talcing a neuroleptic.

One of

Only native English

speakers were used in the study.
Table 1 presents the inclusion and exclusion criteria used in the
clinical diagnosis of AD and MID.

The AD criteria are those for

probable AD reocrmended by a NINCDS/AERDA study group (McKhann et al.,
1984).

Application of these criteria in a previous investigation done

in this laboratory, selecting typical AD patients for a study of
intraventricular infusion of bethanechol chloride, resulted in 100%
diagnostic accuracy as verified by biopsy (Martin et al., 1987).
The MID group were selected using the same inclusion and exclusion
criteria for dementia used for the AD group.

However, a diagnosis of

MID was made on the basis of information regarding the patient's
clinical course, such as abrupt onset, stepwise deterioration, and on
the basis of signs and synptcms from the physical and neurological
examination (such as history of hypertension, stroke and associated
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atherosclerosis, and focal neurologic synptcms and signs).
Additionally, diagnosis of MID was based upon positive
neuroradiological evidence of suboortical multi-focal infarcts.

Insert Table 1 about here
A control group consisting of 15 healthy elderly subjects were
recruited from among the patients' spouses and volunteers at the
hospital.

Scores on the Mini-Mental State examination (W4S) had to be

above 24.

Subjects were interviewed regarding medical history and

current health status.

The same exclusionary criteria used for the

dementia groups were used for the nomal control group.

None of these

subjects were taking anxiolytic, neuroleptic, or antidepressant
medication.
The sex distribution was conparable in the AD group (9 wcmen, 6
men) and the MID group (7 women, 6 men) . However, the normal control
group was predominantly women (12 wcmen, 3 men).

One of the AD

patients was black, and the remainder of the subjects were Caucasian.
'Ihe patients for this study were selected from a group of 496
outpatients from the Rush Alzheimer's Disease Center during a 21 month
period.

Of the total number of patients, 38% (188) were excluded

because of no final diagnosis or diagnosis other than Alzheimer's
disease or multi-infarct dementia.

Twelve percent (60) of the total

number of patients were diagnosed with multi-infarct dementia.

Thirty-

eight percent (23) of the MID patients were excluded because of hWS
scores be lew 12.

Eight percent (5) of the MED patients were excluded
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Table 1
Criteria for the Clinical Diagnosis of
Alzheimer's Disease and Multi-infarct Dementia

AD

and

MID

1 . Dementia documented by psychometric examination, with
deficits in at least two of the following areas:

1) orientation
2) attention
3) memory

c
o
in

i—i

u
c
M

4) abstract ion/judgment
5) language
6) praxis

2.

Progressive worsening of memory and other cognitive
functions.

3.

Onset between ages 40 and 90

4.

m s score > 12 and HRSD score < 15

1 . Disturbed consciousness
C
0

2.

Concurrent neurological disorder

3

3.

History of systemic disease

4.

History of major psychiatric disorder

5.

M4S score < 12 or HRSD score > 15

t-M

X
UJ

AD

c
o
*T~(

MID

1 . Neurologist diagnosis of
AD

1.

Neurologist diagnosis of
MID

2.

2.

Neuroradiological evidence
of suboortical multi-focal
infarcts

3
u

C

M

No neuroradiological
evidence of infarction
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due to ocnplicating medical conditions, and another eight percent (5)
were excluded because of a history of major psychiatric disorder.

The

sample of 13 MID patients in the current study was drawn from this
group of 27 patients.
Of the 248 patients diagnosed with Alzheimer's disease, 32% (79)
were excluded because of IMS scores of less than 12.

An additional 35%

(87) were excluded because of ocnplicating medical conditions.

Nine

percent (22) of the AD patients were excluded due to a history of major
psychiatric disorder.

The sanple of 15 AD patients in this study were

drawn from the remaining group of 60 patients.
Table 2 shews the demographic and clinical data for the three
groups.

There were no statistically significant differences among the

three groups in terms of age and education.

The Mini-Mental State

scores for the normal control group were well within the normal range.
The two dementia groups did not differ in regard to scores on the
dementia screening examinations.

Insert Table 2 about here
Assessment Measures
The patients received a battery of neuropsychologic tests in order
to confirm the diagnosis of dementia.

This psychometric screening

battery consisted of the Mini-Mental State examination (t«S) (Folstein,
Folstein, & McHugh, 1975), the Mattis Danentia Rating Scale (EPS)
(Mattis, 1976), and the Controlled Oral Word Association test and
Visual Naming from the Multilingual Aphasia Examination (Benton &
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Table 2
Characteristics of Patients with Alzheimer^ Disease,
Multi-infarct Dementia, and Normal Control Subjects

Group
AD (N = 15)

Variable

MID (N = 13)

SD

NC (N = 15)

SD

M

SD

Age

72.3

6.1

73.8

7.0

73.9

3.4

Years of Education

14.0

3.9

12.8

3.4

14.6

3.1

Mini-Mental State Score

18.9

3.2

20.6

4.4

28.8

1.1

106.9

13.4

105.1

17.9

M

M

Mattis Dementia Rating
Scale Score

-

-
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Hamsher, 1983).

Additionally, a cxrprehensive history was obtained by

interview with a family member-.

The Hamilton Rating Scale for

Depression (HRSD) (Hamilton, 1960) was completed based upon the
patient's symptoms as reported by the family member.

Depression is

frecjjently accompanied by cognitive difficulty, particularly in the
elderly (Folstein & McHugh, 1978; Caine, 1981).

In order to rule out

"pseudodementia," patients with HRSD scores above 15 (indicating a
significant degree of depression) were eliminated frctn the study.
Likewise, patients with WE scores of less than 12, indicating severe
dementia, were eliminated from the study.

The mean W E scores for the

groups were also used to assess the AD and MID groups for ccnparabil ity
in level of dementia.
Folstein et al. (1975) report adequate reliability and validity
for the WE.

In a group of patients with dementia, depression, and

depression with cognitive impairment, the test-retest correlation was
.98 for a one month interval.
diagnostic groups.

The WE was able to separate the three

As a measure of concurrent validity, the authors

report significant correlations between the WE and the Wechsler Adult
Intelligence Sea re (WAIS) (Wechsler, 1958) Verbal I.Q. (r = .78) and
Performance I.Q. (r = .66).
The MERS was developed to quantify the mental status of dementia
patients whose lew scores on traditional psychometric instruments make
it difficult to determine the degree of cognitive impairment.

Items of

the MCRS are designed to assess five areas of cognitive functioning:
attention, initiation and perseveration, construction,
conceptualization, and memory.

Ooblentz et al. (1973) reported high
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test-retest reliability (r = .97) for a group of 30 AD patients over a
one-vreek interval.

In this patient group, the correlation between the

WAIS Full Scale I.Q. and the MERS was .75.

The MERS has been shown to

differentiate between healthy elderly subjects and mildly demented AD
patients (Vitaliano, Breen, Albert, Russo, & Prinz, 1984) .

The authors

of that study found that MERS item scores were predictive of
independent measures of functional ocnpetenoe in their AD patients.
Gardner, Oliver-Munoz, Fisher, and Empting (1981) found a split-half
reliability of r =.90 for the MERS for a sanple of 25 institutionalized
demented patients.
The Controlled Oral Word Association and Visual Naming tests are
part of the Multilingual Aphasia Examination (Benton & Hamsher, 1983) ,
a widely used aphasia test battery.

Scores on these tests are

corrected for educational level, and standardization data provide
percentiles whereby performances between tests may be caipared.

The

authors report a correlation of .82 between the two forms of Controlled
Oral Word Association.

Similar measures of verbal fluency correlate

highly with linguistic frequency count (p = .80) and with estimates
derived frctn the dictionary of the number of English words beginning
with each letter (r - .74) (Borkcwski et al., 1967).

Martin (1986)

reported high correlations for alternate forms of verbal fluency (r =
.94) for a grrxip of 14 demented patients.

There has been no research

published on the reliability and validity of Visual Naming.

However, a

similar measure, the Visual Confrontation Naming subtest frctn the
Boston Diagnostic Aphasia Examination (Goodglass & Kaplan, 1983) was
found to have a test-retest reliability correlation of .92 in 17
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demented patients over a two week interval (Martin, 1986).

Internal

consistency, as measured by coefficient alpha, was reported to be .91
in that study.

The Visual Naming test was chosen for the current study

because of the advantage of adjusting scores for educational level as
well as providing percentiles so that test performances may be
compared.
The Hamilton Rating Scale for Depression (HRSD) was developed to
assess the severity of depressive symptoms (Hamilton, 1960).

It is a

17-item list of symptoms which are rated for severity on the basis of
interview data and other available information.
used in research and clinical practice.

The HRSD is widely

An advantage of this scale is

that it makes use of information provided by the patient's family
members in the assessment of depression.

Hamilton (1960) reported

inter-rater reliabilities of p = .84 and above.

Yesavage, Brink, Rose,

and Adez (1983) reported a split-half reliability coefficient of r =
.82 for a group of 40 normal and 60 depressed elderly subjects.

In

that study, the HRSD differentiated among nondepressed, mildly
depressed, and severely depressed subjects as defined by Research
Diagnostic Criteria for major affective disorder (Spitzer, Endicott, &
Robins, 1978).
Materials
The materials used in this study were adapted from Barsalou and
Roes (1986) . The authors of that study, in investigating automatic arri
strategic processing in normal subjects, assessed sensitivity to
superordinate category frequency in incidental and intentional learning
conditions.

For the present study, six lists consisting of fourteen
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words each were constructed for use in the category estimation task.
The words were chosen from exemplars of 24 superordinate categories
found in Battig and Montague (1969).

Each of the six lists contained

two categories with four exemplars each, two categories with two
exemplars each, and two categories with one exemplar each.

For each

list, two categories were assigned for which no exemplars were
presented, representing a zero-frequency condition.

In compiling the

eight categories per list, each of the 24 superordinate categories
appeared twice throughout the six lists. No category was used twice at
the same category size.
category.

Each exemplar belonged to one and only one

Exemplars were also varied according to degree of

"typicality" because typical exemplars have a higher production
frequency than do atypical exemplars.

Thus, each of the six lists

contained one category of four typical exemplars and one category of
four atypical exemplars; one category of two typical exemplars and one
category of two atypical exemplars; one category of one typical
exemplar and one category of one atypical exemplar.

Each word was

placed on an index card using 6.2 im Letraset Type.
A second, alternate form of six lists was constructed in which the
typicality dimension was reversed for each category.

This form was

also modified by randomly switching one category of four exemplars and
one category of two exemplars from each of the six lists in order to
create a sonewhat different arrangement of categories within lists.
Successive subjects within each diagnostic group were tested with
alternate forms.
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Procedure
Hie order of presentation of the six lists were randomly
determined for each subject.

Words within each list were randomly

ordered for each subject, with the constraint that no two words from
the same category were presented consecutively.

With the presentation

of each word the examiner asked an orienting question to increase the
probability that subjects attended to and actively processed the word.
Four orienting questions were used:

"Is this a cannon word?", "Do you

like this word?", "Is this valuable?" and, "Is this alive?".

A random

order of these four orienting questions was created with the constraint
that the same question not be asked consecutively.

Prior to the

presentation of the first list the subject was told "I am going to show
you same words on
words.

As I

cards and I want you to pay careful attention to the

show you each word, I will ask aquestion about it.

Just

give me your

best answer, even though some of the questions may sourvl

funny.

just interested in your opinion. Do you have any

I am

questions?"

Words were presented one at a time to the subject.

Hie

examiner asked the orienting question and said the word as the card was
shown to the subject.

The card was removed after a 3-second exposure

and the subject's response to the orienting question was then recorded.
After presentation of the entire list, the subject was shown a card
with the numbers "O" to "5" written along a line.

The subject was

told, "New I want you to tell me hew many (e.g., flowers) were in
that list.

Pick a number between zero and five."

In this manner the

subject was asked to estimate hew many words were presented frctn each
of the eight categories.

The order of the questions about category
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frequency was randomly determined for each subject.
Immediately following the category estimation (semantic encoding)
task was a two-alternative forced-choice recognition (episodic memory)
task.

Six target words were selected from the list, one word from each

presented category.

The six foils were taken from the same categories,

tut the foils did not appear in the word lists.
were placed on index cards.

The targets and foils

They were randomly paired for each subject

(e.g., the target and foil did not necessarily ocme from the same
category). The subject was presented with a target and a foil and told
"One of these two words was in that last group of words, which one was
it?"

The subject's response was then recorded, and the remaining

targets and foils were presented in this manner.

After presentation of

the six pairs, the entire procedure was repeated until all six lists
had been given.
After all six lists had been carpieted, the subject was given a
categorical word fluency task.

The subject was asked to give as irany

words as possible that ocme from a given category in one minute.
subjects were given three categories:
and Children's toys.
estimation task.

All

Countries, Parts of buildings,

These categories did not appear in the category

Results
For the recognition task, the total number of correct responses
were tabulated.

Table 3 shows the means and standard deviations for

the number correct and percent correct for the three groups.
were analyzed using a 3 x 3 x 2 ANOVA.

The data

There was one between-subjects

factor, subject group (AD, MID, NC), and two with in-subjects factors,
actual frequency (l, 2, 4), and typicality (typical versus atypical).
This analysis yielded a main effect for group (F(2, 40) - 26.96, p <
.001).

Group comparisons using the Scheffe procedure indicated that

the normal control group had higher recognition scores than either of
the dementia groups.

Additionally, the MID group held higher total

scores than the AD group.

There was also a main effect for actual

frequency (F(2, 80) = 3.30, p < .05), with the number of correct
responses increasing as actual frequency increased.

That is, in all

three groups, recognition performance improved as a function of
repeated presentation of words from the same category.

There was no

main effect for typicality (p(l, 40) = .30, p > .5), and there were no
significant two-way or three-way interactions.

Insert Table 3 about here
Table 4 presents the mean frequency estimates for the category
estimation task.

A multivariate analysis of variance (MANOVA) was

performed on four levels of the dependent variable:

the estimated

frequency for each of the 0, 1, 2, and 4 exemplar conditions■ The
independent variables included a between-subjects factor, subject group
(3 levels), and a within-subjects factor, actual frequency (4 levels).
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Table 3
Performance of the Three Grcuoe on the Recognition Task

Group

MID

AD
Measure
Number Correct
Percent Correct

&

SD

1*

28.50

2.8

31.70

0.79

0.08

0.88

NC

M

SD

4.0

35.90

0.5

0.11

0.99

0.0

SD
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The effect of typicality was not addressed in this analysis because
typicality could not be manipulated for the zero-frequency condition.
Pillai's trace statistic was used to compute the approximate
multivariate £, since this statistic is more robust than Hotelling's T
or Wilk's Lambda (Olson, 1979).

This analysis yielded a main effect

for actual frequency (£(3, 37) = 48.37, p < .001); frequency estinates
increased as a function of increasing actual frequency.

There was also

a main effect for group (F(2, 39) = 14.33, p < .001), and a significant
interaction between actual frequency and group (£(6, 76) - 7.90, p <
.001) . Analyses of variance (ANOVAs) were then performed for each
level of actual frequency.

The groups did not differ an the 4-exemplar

condition (F(2, 42) = .13, p > .9).

There were significant group

differences for the 2-exenplar condition (F(2, 42) = 7.63, p < .002),
for the 1-exenplar condition (F(2, 41) - 21.21, p < .001), and for the
0-exesrplar condition (£(2, 42) = 21.03, p < .001).

The Scheffe

procedure following each of these analyses indicated that the normal
control group had lower frequency estimates than both deamentia groups;
there were no significant differences between the AD and MID groups.
Thus, the prediction that the MID group would be more sensitive to
category frequency than the AD group was not found.

Insert Table 4 about here

The next analysis excluded the zero-frequency condition in order
to observe the role of typicality.

There was a main effect of

typicality (£(1, 39) = 5.21, p < .03), with subjects having higher
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Table 4
Mean Frequency Estimates for the Category Estimation Task for the Three
Groups

Group

MID

AD
Actual Frequency

SD

&

NC

SD

M

SD

4

2.8

.83

2.7

.54

2.7

.41

2

2.5

.84

2.4

.36

1.7

.31

1

2.6

.91

2.1

.85

.9

.24

0

2.4

1.14

1.6

.99

.3

.39
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estimates for typical as ocnpaned to atypical exemplars.

However,

there were no significant interactions between typicality and group
(F(2, 39) = 1.63, p > .2), between typicality and actual frequency
(F(2, 38) = .82, p > .4), or among typicality, group, and actual
frequency (F(4, 78) = .08, p > .9).

Barsalou and Ross (1986) also

reported an overall effect of typicality but no significant
interactions in their study of automatic and strategic processing in
young, normal subjects.
Regression equations were generated in order to assess the degree
of relationship between actual and estimated frequency within each
grcup.

Using estimated frequency as the predictor variable and actual

frequency as the criterion variable, these equations yielded
unstandardized regression weights of 1.16 for the AD group, 3.16 for
the MID group, and 7.36 for the normal control group.

The slope of the

regression line for the AD group was not significantly different frctn
zero (F (1,58) = 1.46, p > .2).

However, the slope for the MID group

was significantly different from zero (F (1,50) = 15.15, p < .001), as
was the slope for the normal control group (f (1,58) = 388.95, p <
.001).

A 95 percent confidence interval on the unstandardized

regression weight for the MID group ranged frctn 1.70 to 4.62; the
unstandardized regression weights for both the AD group (1.16) and the
NC group (7.36) fell outside this band.
Difference scores between actual and estimated frequency were
calculated for each subject in order to obtain an index of semantic
encoding.

The absolute values of these difference scores were sunned

and this surrtnary score was correlated with the various measures
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of semantic retrieval:

the category fluency task, letter fluency

(Controlled Oral Word Association), and Visual Naming.

The difference

scores ware also correlated with the measure of episodic memory, the
recognition task.

Pearson product-moment correlations for each group

are presented in Table 5.
the AD group.

There were no significant correlations in

The difference scores were inversely correlated with

both category fluency and letter fluency in the MID and NC groups. The
difference scores were not correlated with the Visual Naming test in
any of the three groups.

There were significant inverse correlations

between the difference scores end the total number correct on the
recognition task only in the MID and NC groups.

Insert Table 5 about here
There was a dissociation between the two dementia groups in their
performance on the fluency tasks.

Table 6 shows the performances of

the three groups on the measures of semantic retrieval. A one-way
ANOVA on the category fluency data yielded a significant group effect
(F(2, 40) = 27.18, p < .001).

Comparisons using the Scheffe procedure

revealed that the NC group had higher scores than either of the
dementia groups, although the dementia groups did not significantly
differ.

A one-way ANOVA on the letter fluency data also revealed a

significant effect for group (F(2, 40) = 15.0, p < .001).

The post hoc

ccrparisons revealed that the NC group had higher scores than both the
dementia groups, while the AD group had higher scores than the MID
group.

The mean scores on the letter fluency task fell at the 70th

percentile (above average), 22nd percentile (low average), and
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Table 5
Correlations between Difference Scores and
Measures of Semantic and Episodic Memory

Group
AD

MID

NC

Variable

r

(P)

r

(P)

Category Fluency

-.08

(-40)

-.80

(.001)

-.94

(.001)

.22

(.23)

-.58

(.02)

-.76

(.001)

-.03

(.49)

-.43

(-07)

-.18

(.26)

.05

(.43)

-.52

(.04)

-.53

(.02)

Letter Fluency
Visual Naming
Total Recognition

r

(P)
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2nd percentile (defective) of Benton's standardization sanple (Benton
& Hamsher, 19B3) for the normal control, AD, and MID groups
respectively.

Insert Table 6 about here
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Table 6
Searaantic Retrieval Performance for the Three Groups

Group

MID

AD

NC

Variable

M

SD

M

SD

M

SD

Category Fluency

17.1

8.7

17.9

10.0

46.9

16.9

Letter Fluency

29.6

12.2

18.3

8.0

41.9

12.3

Visual Naming

37.7

11.5

37.5

10.6

53.7

7.9

Discussion
This study demonstrated differences in performance on a recognition
task between patients with Alzheimer's disease (AD) and irulti-infarct
dementia (MID). Specifically, both dementia groups were inpaired
relative to the normal control group, but recognition performance in
the AD group was significantly worse than the performance of the MID
group.

Ibis difference was found in patient groups that were

comparable in terms of age, education, and level of dementia.

The

marked impairment of the AD group was predicted based upon prior
research; AD patients typically show deficits in episodic (secondary)
memory early in the course of the disorder.

Such episodic memory

deficits are consistent with the extensive degenerative changes in the
hippocanpus and nucleus basal is of Meynert observed in AD.

It is well

established that the hippocampus plays an important role in human
memory (Penfield & Milner, 1958; Sooville & Milner, 1957).

The nucleus

basal is of Meynert, a population of basal forebrain neurons, projects
to both the hippocampus and neocortex, and may play a role in
integrating to-be-remembered information (Whitehouse et al., 1982).
The episodic memory deficit in the AD patients was observed even though
elaborative processing was encouraged using orienting questions and
retrieval was assisted by a two-alternative forced-choice recognition
procedure.
The current study represents the first psychometric study of
MID patients with lesions restricted to suboortical regions.

Although

previous studies have reported msnory deficits in MID (e.g. Gainotti,
Ca 1tagirone, Masullo, & Mioeli, 1980; Perez, Gay, Taylor, & Rivera,
46
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1975), subjects have not been excluded on the basis of cortical
infarction.

Additionally, assessment of memory in these studies was

limited to recall measures and did not take into account the processing
aspects of memory.

The heterogeneity of mixed cortical and subcortical

MID sairples has tended to discourage psychometric research in this
area.

The current findings suggest that MID patients with lesions

restricted to subcortical regions have defective recognition for
episodic information, although this deficit is not as profound as that
seen in AD.
In regard to the semantic encoding procedure, the AD patients were
expected to be markedly insensitive to categorical frequency as
compared to the MID patients, and the measure of semantic processing
was expected to be correlated with episodic memory in the AD group.
Neither of these predictions was confirmed.

The AD patients were

defective on all of the semantic memory measures, but the MID patients
were similarly inpaired, and on one semantic memory task, letter
fluency, MID performance was inferior to that of the AD group.
Although the results of the regression analyses suggested that the MID
patients were more sensitive to category frequency than the AD
patients, this interpretation must be viewed with caution.

Because the

criterion variable is a fixed variable, multiple data points per
subject must be used in calculating the regression equations, thus
violating the assunption of uncorrelated error ocnponents.

The

analyses that controlled for interdependence among subjects' frequency
estimates, the ANOVAs for each level of actual frequency, revealed no
group differences.

However, the implication of the significant

regression analysis for the MID group is that the ANOVAs nay reveal
group differences in a larger sample of patients.
The neural basis of semantic memory is uncertain, and
semantic memory is such a broad construct that to seme extent its
neural basis is likely to be distributed rather than localized.
Nevertheless, observation of the cognitive effects of focal lesions in
neooortex strongly suggests that association cortex plays am important
role in semantic memory (e.g., Coughan & Warrington, 1978; Warrington,
1975), especially the temporal and parietal association areas, regions
that bear a disproportionate share of the degenerative changes in AD
(Terry & Katsman, 1983).
and less studied.

The neuropathology in MID is more variable

Hie patients in the current study were selected to

be free of cortical pathology.

The literature (Fisher, 1982; Kinkel et

al., 1985) suggests that pathology in MID patients is concentrated in
white, and to a lesser extent, gray matter adjacent to the lateral
ventricles.

Therefore, since the centrum semiovale regions contain

cortical association fibers, white matter changes in these regions may
disrupt cortioo-oortioo connections between association areas, thereby
disrupting semantic memory.

Alternatively, it is possible that

cortical areas are not essential to semantic memory, or that
subcortical areas influence semantic processing.

Evidence from lesion

and stimulation studies suggest that subcortical areas, particularly
the thalamus and adjacent structures, play a role in language (Ojemann,
1976; Reynolds, Harris, Ojemann, & Turner, 1978).

It has been

suggested that AD performance approaches that of normal control
subjects on automatic as compared to effortful tasks (Nebes et al.,
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1984; Rosen, 1983).

Autanatic processes are those that occur without

conscious intention and are little affected by other processing
demands, whereas effortful processes are more volitional and require
effort or sustained attention (Hasher & Zachs, 1979).

However, the

hypothesis that autotatic processing is intact in AD has not been
supported with frequency estimation tasks when patients were asked to
estimate the frequency of episodic information (e.g., Strauss,
Weingartner & Thorpson, 1985) . The autonatic-ef fortful distinction
has, hcwever, been used to explain relatively normal AD performance on
semantic verification tasks (Nebes et al., 1986).

Therefore, at least

under seme conditions, autoiatic access to semantic memory in AD has
been found to be normal. The experimental task in the current study
was chosen for its relatively decreased demand on effortful processing,
thus encouraging the elicitation of higher performance levels.
Although it is convenient to discuss autanatic and effortful
processes as being distinct, they represent apposite ends of a
continuum and, each type of processing plays a role at various points
in most complex processing tasks.

The experimental measure in the

current study involving monitoring of categorical frequency was indeed
a relatively automatic task; n om a l subjects are sensitive to
categorical frequency regardless of whether they are expecting a free
recall, categorical frequency test, or no test (Alba, Chroniak, Hasher,
& Attig, 1980; Barsalcu & Ross, 1986).
The intention of the current study was to measure autanatic
access to the underlying semantic properties of to-be-remembered
episodes.

The AD patients were, as predicted, impaired on this task, a
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finding that disagrees with the hypothesis of Nebes et al. (1984) that
autanatic semantic processing is preserved in AD.

Contrary to

predictions, however, the KID patients were equally impaired on this
task and the index of semantic processing efficiency was related to the
episodic memory measure in the MID and normal control groups but not in
the AD group.

Weingartner et al. (1981) and Qber et al. (1986) have

previously reported significant correlations among measures of semantic
retrieval, naming, and verbal memory.
The psychometric measures of semantic memory were consistent with
these experimental findings.

On the category fluency and naming tests,

both dementia groups were equally impaired ocnpared to the normal
control group.

On the letter fluency task, however, the performance of

the AD gncup was only mildly inpaired ccrtpared to the normal controls
while the MID patients were moderately inpaired.
One may speculate that the effortfulness of the semantic tasks may
have more relevance to MID than AD.

Of the two fluency tasks, it may

be that category fluency is less effortful in that natural categories
(e.g., vegetables, birds) are the unit of organization.

On the letter

fluency task, the unit of organization is sanewhat artificial and a
variety of strategies can be aiplcyed on this task.

Butters, Granholm,

Salmon, and Grant (1987) reported a similar dissociation between
fluency measures in a study ocnparing Alzheimer*s disease, Huntington's
disease, and alcoholic Korsakoff patients.

The authors reported that

the patient groups were equally inpaired on a category fluency task.
In contrast, the AD patients did not differ from a normal control group
on a letter fluency task, while the Huntington's and Korsakoff patients

had severe and moderate deficits, respectively.
Hie hypothesis that defective semantic memory is partially
responsible for defective episodic memory in AD has proved difficult to
test.

Previous evidence in support of the hypothesis has been

exclusively correlational (Qber et al., 1986; Weingartner et al.,
1981) . The results of the current study might also be seen as mildly
supportive since the AD patients were inpaired on measures of both
episodic and semantic memory.

However, these measures were not

correlated with one another in the AD group.

In addition, the results

comparing the AD group with the MID control group cast further doubt on
this line of reasoning; if inpaired episodic memory in AD was due to
defective semantic memory, then the AD patients, whose episodic memory
was significantly worse than that of the MID patients, should have
shewn significantly more inpaired semantic memory than the MID
patients.

They did not.

The correlations between episodic and

semantic memory measures that emerged for the MID group suggest seme
relation between the processes but if it is causal and if so, in which
direction, cannot be determined.

Furthermore, no relation was seen in

the AD sanple.
For years, semantic encoding abnormalities were held to be
responsible for inpaired episodic memory in Korsakoff patients (Butters
& Cermak, i960).

Current thinking holds, however, that semantic

processing abnormalities are neither necessary nor sufficient to
explain the Korsakoff amnesia and that such abnormalities may reflect
the extent of damage to the frontal lobes and underlying white natter
(Mosoovitch, 1982) .

In AD, the extensive pathology in the hippocanpus
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and nucleus basal is of Meynert is probably sufficient to explain the
episodic memory disorder; longitudinal research suggests that the
semantic abnormalities are seen later in the course of the disease ard
progress at a different rate (Kaszniak, Wilson, Fax, & Stefabins, 1986;
Wilson (t Kaszniak, 1986), suggesting a different neural basis.

Though

semantic abnormalities may exacerbate the episodic memory deficit under
certain task conditions, they may be incidental to that deficit.
Although there was presumed sparing of cortical regions in the MID
patients, they exhibited deficits in semantic processing, contrary to
predictions.

The degree of effortful processing required by the

various semantic memory tasks may contribute to the deficits seen in
the MID group.

Deficits in attention, arousal, and motivation are

often reported in patients with MID (Cuirmings & Benson, 1983; Ishii et
al., 1986), and may limit effortful resources in these patients.

The

finding of less severe deficits in episodic memory is not surprising
since the hippocanpus is presumably intact in these patients.

It is

conceivable that the semantic processing deficits seen in the KID
patients are due to disruption of oortico-cortico connections to
association areas or to other subcortical areas, systems that might
influence semantic memory processes.

For exairple, the thalamus and

globus pallidus have been found to play a role in language (Reynolds et
al., 1978).

However, one must also consider the possible contribution

of frontal lobe dysfunction.

MID patients often have a preponderance

of infarcts in the subcortical frontal regions (Ishii et al., 1986).
Patients with frontal lobe dysfunction are characterized by deficits in
the organization and sequencing of information (Schacter, 1987).
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Freednan and Cermak (1986) reported semantic encoding deficits in
patients with frontal lobe lesions who had associated amnesia, although
there were no encoding deficits in frontal lobe patients who did not
have memory inpairment.
Further research is needed to clarify the relative contribution of
semantic memory deficits to impairment in episodic memory.

The

current study assessed mildly to moderately inpaired AD patients and
found narked deficits in both semantic and episodic memory.

Since both

semantic memory (Kaszniak et al., 1986) and automatic processing
(Rosen, 1983) appear uniitpaired early in the course of the disease, it
would be of interest to assess semantic-episodic relationships and the
influence of automaticity - effortfulness in very mild AD patients.
Patients could be selected on the basis of memory impairment but
excluded for the presence of confounding atteritional deficits.

These

patients may then be followed longitudinally in order to determine the
point in the course of their disorder that either semantic or effortful
processing deficits exacerbate their existing episodic memory deficits.
Lastly, it should be noted that the current results do not support
the distinction between cortical and subcortical dementia (Cummings,
1986; Cunnings & Denson, 1983).

This distinction has been attacked on

neuroanatanical grounds, i.e., functions are not typically subserved by
cortical or subcortical structures, but by systems that are cortical
and subcortical, and it would not appear to be relevant for AD in which
there is significant subcortical and cortical damage (Ball et al.,
1985; Whitehouse et al., 1982).

Additionally, in the current sanple of

MID patients that were selected for exclusive subcortical pathology
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theme is evidence of significant language dysfunction, a finding that
is traditionally associated with cortical dementia.
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1977-1979

Psychiatric Specialist
Hermann Hospital, Houston, TX
Supervisors:

Beverly Clothier, R.N.
Arthur Farley, M.D.
(713) 797-4100

Description of Training: Participation in
maragement of general psychiatric,
adolescent, alcoholic, and geriatric
inpatients. Formulation and inplementation
of treatment plans.
Teaching Experience:
1981

Teaching Assistant
L.S.U. Psychology Department
Supervisor:

Bill Seay, Fh.D.
(504) 388-8745

Description of Duties: Instruction and
testing of students in undergraduate
statistics course.
1980

Teaching Assistant
L.S.U. Psychology Department
Supervisor:

Donald Hoffeld, Fh.D.
(504) 388-8745

Description of Duties: Instruction and
testing of students in undergraduate
experimental psychology course.
Research Experience:
1981-1983

Research Assistant
L.S.U. Psychophysiology Laboratory
Supervisor:

William Waters, Fh.D.
(504) 388-8745
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Description of Duties: Supervision of
research on the psychcphysiological
validation of an eraotional-response
questionnaire, and the reliability of
psychcphysiological assessment. Ccrrputer
data analyses.
1980-1981

Research Assistant
L.S.U. Primate laboratory
Supervisor:

Arthur Riopelle, Fh.D.
(504) 388-8745

Description of Duties: Supervision of
research on protein deprivation, growth
rate, learning ability, and abnormal
behavior in primates.
1977-1979

Research Assistant
Department of Psychophysiology, Texas
Research Institute of Mental sciences,
Houston, TX
Supervisor:

George Vroulis, Fh.D.
(713) 797-1976

Description of Duties: Administration and
research of neuropsychological test
batteries.
Publications:
Waters, W. F., Williamson, D. A., Bernard, B. A., Blouin, D. C., and
Faulstich, M.E.
(1987). Test-netest reliability of
psychophysiological assessment. Behaviour Research and Therapy.
25, 213-221.
Waters, W. F., Cohen, R. A., Bernard, B. A., Buoo, S. M. , and
Dreger, R. M. (1984). An autonomic nervous system response
inventory (AMSRI): Scaling, reliability, and cross-validation.
Journal of Behavioral Medicine. 7, 315-341.
Black, F. W., and Bernard, B. A. (1984). Construction apraxia as a
function of lesion locus and size in patients with focal brain
damage. Cortex. 20, 111-120.
Thompson, R., Hale, D. B., and Bernard, B. A. (1980). Brain
mechanisms concerned with left-right differentiation in the white
rat. Physiological Psychology. 8, 309-319.
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for Publication:
Stebbins, G. T., Wilson, R. S., Gilley, D. W., Bernard, B. A., and
Pax, J. H. Tw d methods for estimating premorbid intelligence in
dementia. Submitted to Ihe Clinical Neurcpsvchologist■
Presentations:
stebbins, G. T., Gilley, D. W., Wilson, R. S., Bernard, B. A., and
Fox, J. H. (1988, July). Pre-morbid IQ estimates and language
disturbance in dementia. Paper presented at the Annual Meeting
of the European Conference of the International
Neuropsychological Society, Lahti, Finland.
Stebbins, G. T., Wilson, R. S., Gilley, D. W., Bernard, B. A., and
Fox, J. H. (1988, January). Estimation of premorbid
intelligence in dementia. Paper presented at the Annual Meeting
of the International Neuropsychological Society, New Orleans, LA.
Williamson, D. A., Goreczny, A. J., Cavell, T., Daigle, W., Bernard,
B., Millar, A., and McKenzie, S. {1986, November).
Psvchoohvsiological responses of bulimics to eating forbidden
foods or a standard ireai. Poster presented at the Annual
Convention of the Association for Advancement of Behavior
Therapy, Chicago, IL.
Williamson, D. A., Waters, W. F., Bernard, B., Faulstich, M . , and
Blcuin, D. (1985, March). Test-retest reliability of
psychcphysiological assessment. Poster presented at the Annual
Meeting of The Society of Behavioral Medicine, New Orleans, LA.
Nemeth, D. G., Rostcw, C. D., Bernard, B. A., Berman, L., Carroll,
K., and Davis, T.
(1984, October). Issues in clinical
neurcpsvchology for private practitioners. Panel discussion
conducted at the Annual Meeting of the Louisiana Psychological
Association, Lafayette, LA.
Bernard, B. A., and Black, F. W. (1982, March). Constructional
apraxia in patients with focal brain damage. Paper presented at
the Annual Convention of the Southeastern Psychological
Association, New Orleans, LA.

ProfessiCTial Organizations:
1983-Present

American Psychological Association,
Associate Member

1982-1985

Southeastern Psychological Association,
Member
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